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MEIfC MOLf CULf ENEKCr LEVMLS 

Let ia the enetfy regiom £ the aolutioas of Eq. (21) under the iaitial eoa- 

diiioM (33) and (34) earreapoadingly have for f — the folbwiag form: 
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Then, forming the linear combination the increasing exponents can be excluded only under the 
condition: 
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The condition (56) determines Ineaic molecule energy levels. By means of the numerical integra- 
tion of the system (21) for various £' we can choose the values of f' satisfying the con- 
dition (56). The meaic molecule energy levels obtained in such a way are given in Table III. In 
Fig. 1 the values of the functions all?) .nd h(1l ) are given for the bound state of the 
raeab molecule ( pt normalized by the condition 
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The vsisas of the sflbeUve potestisls of iateractios sie gives is/^V. The «leviatioBs ftom the 
Mane fnetios ftom the true valoes of effective potestisls of istersetioa css sot chaage coasi- 
dsnUy Iht valae o( the ti^ce these deviations an appneisble only is those regions (for 
vary Isfgs or very aasl) t ) where the wave fesetions decrsase expoaeatialiy. The values of 
the OBargy kvels an givM is Table m. • 
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TO rm MflfC ATOM HUCLiUS 


For B«sl) oaeigy of the relsiive motioa of ( « 1) U b not difTicult to caicalate effec- 
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For tW* •olutiwi •qwiU MyapiotlctUy; 

/.- fff) 




(60) 


IftiM 


of Um fclativ* aotioo is rstiMr bsmII tkso, is ths 

( 61 ) 




Ths scsttsftef Issfth asy bs obtsissd from (64).(6S) 

•biw i • Nolslhstlftlissslss x) 

to ^SM •» Iht iMsfsr MMbsr dds roiris|insli to ths fsct thss ths mssle snlseils hss s loosl 
(fssl sr «lil«d with ths sssigy eloss to ssio) thss, das to ths fset thsi ths tosetios hss 

polos faf toISfMf osfstlvo sowhsvs ^ ths solos of swy hs vscy Isrgs. Ths possihilliy 

of aoeh 0 ftooMoes hos hoso ohssfsod to 

Tho OotolttM of ths sseood sqssttos (21) msy hs slso ohtstosd sssUy If ths potssttol 

tUs ispy ho smls with s food scesvocy for tho vsloss of H sssoottol Im As scsttortof. Ths »> 
SetoMtofsrsfSOltoo wiA potsMtol (63) rsdocss to ths Bssssl sqssttoo of ths i ms^s sy srfs w si 
hy lolwdo d o g s sow sottobto fis tii y. thos, tor B* s 0 




whoii Kj(t) tothoHaaholtooettopofthsiaMftsarysrfuswDt. Ths ooiMltoatioo of ths fi 
ttoo yi| to lAooso SB thsi for .If*^ •* ths oolstton will bs of ths form: 


kff)^ t - it* 


464) 


f I 

> ''1;. 
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felt'-* 


(takiiif itto •ecoufit that for 
iMt) «• obtain 


i-^o.idi) -Ck ~ ^ where C * 0.577 ia the Ealtr cona- 


x.-%hJpi 


(65) 


TnUng Into netsbtmt tint the aMsaonic function ^ ia aymmetrical with reapect to the nuc- 

InotnelHHpi mi. ZyfK t) ia anttaymmetricai, it may be concluded that in the S- wave the re- 
llltvi liwit^^nl idbw^^ anclei will be desc ribed by the Auction , if the auauaary 

tilbl «f ll«VM and by the fimction ti ff) . if the autamncy apin of nnciei ia odd. The 

of tbo kydrofen noaic atom acatterinf by protons (and meaic atona of triti- 

•0 kf liiliiiil imoO nt aanH taeiKien b to be of the form; 

. ‘ .1 


S' 


3 ) 

7 777^/ 


(66) 


ii.;'"': 


ii^Esi 

ipfml 


; ¥ j * * j JW^) • 

.. . ■ ’• ? '■ ■ 

I|4(I||||Qw, io oMloiBOs to t)Nd diiMKribin^ the itoatuniaf of neuttmis by protona. For Inrfe 
yptsT.vfal^fe^ tt^ncin oUk <66) there otM be a renoonnc« In the acattering when V—* 0. 

ire arrftteo (or better analogy with the well-known deuteron fonaula, 
|i|i|MMplli!n of theee teiua repteaenta esaentially the exceeding of the accuracy atace .A u 
^^j^ioflko |Opii)eioo end nuat coincide in att^initnde with the radiua of action of farces: 

i"** ^ acattoiing ^ *p * p since the 
■ boon o viRatd level with the eaavgy ctoM to 0. The effective ac«|leiiat emao 
oaleiihllOd oeMrding to (66) coiaddnn pell with the cvoas section givoa la*^/. 
" ;4bi:(^^ aectioa calcubtod SMtoRbaf to (67) twns oat to bo twice 




Mure MOLfCI/LE FOJIMATIOff 

Moving in the ntniter the hydrogen meaic atoms in virtue of their neutrality can go easily 
thfongh the e i ec t tonic shoUs of the hydrogen molecules and approaching the nuclei they can forp.' 
peiie i t ^iw io l^ 4y»to exactly, meaic molecular ions) (pp)i , (p 

. : *1^ . IH)* . etc ). The blading energy of the meaic mohacule, 
jif‘|irbtoiple/#n)r W trnnamitted to the radiation, electron shell end to the nucleus coopied by 
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•MaiMl M9M wltk tiuit wUch formi tlie mecic molecule. 

TImImi iMMltlM, however, mey heve aome meeeing only !■ the caee whcs the neeic ao- 
iMirit fame itaelf !• the etate with very aiaall coupUaf eaergy (of order of the ooepliof eeer^ 
nr tht ofdiaary 'MUeele). Aa we cat aee firooi Table III this eoeditioa caa aot he Mfllled for 
Mf if At a i Uci toi ( p a ih apa, except for (dd^ ). Slace the else of the aeak aoUciile ta 
bie.ihei Ae aiealc eee the teletioea batweea the probahilitiee of fonMtiee of a BMaic anlecale 
It e aadlatioa way ead by aweae of the recoil of the energy to Ae electroB of the ahell aay be ex- 
fnaiiM a^ag the na a da i d theory of httoiaalc ooavefaioa of e l e c twea eader aacleer traieltloea. 
la the eoaoldeted r agiea of traaeaiitted eaargiea (tena •huadrade of ev) the eoefncieata of iatrla* 
oli oooeeioioo on tawy large; therafora the probability of the radiative fotaMtioa of aMale awle- 
oAtt It loot lo eoni iibl y then the coeva eai ea al oae. Becaaae the foipetloe of nMiaic ■elecalea 
hAm ptaoe it iMll ra lotl fe ooer gi a a of ■ ea ic atooM aa electik d^ek traoeitioo fima the S • 
tMVt if iiOtiMiM ipMlr«B with the eooveriiea oa eieotroa will be the aatat Inporteat oae. Let 
* Pa $ fjjft be dietaBoei ftoai the aaelei aad yi* aMaoa 

MganNily Am M tlhli wr y polal; Aaa the CouloaA field of ibo ayatoai at laiga diataaeea baa the 


1 A //i P /* 


(id) 


,f||W JP la tba dl i t ii a e Imoi the fiaabar of aeaa of aaelol» igd d it Ae dipole at a ataa ta ai ef 

atilMW . f tr' s, 

r <*> 


Vd||l|ndili Caaiaab iMctlaii if Aa bydngM oMi Mi libii ii wave fbaeiliai of ela^ 
An Am^ anlanr^wlA Aa p w Aa b l l ity of oaoemioa aadar Aa aaalaap A aaa irtna wo obieia Ar 
iba pnbiblttip af Aaala oMlaaila Cnaatioa by ■oaaa of Apola aaavanrfagi 


(It) 


u/ ^ y I 












^^ wlaallt^ A la Ae a«abarof aaalal ia cat^* < d > la Ao aanlit 
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\ H '; ‘ i •■' 'I ''*^^7 :^' p ' ' 




'•< tl> <^VLe (d*K^yt 


'l#t 




«rfiaMW).TItkM. 


(IS) 


'^:m 


-ffi 


Ji'"' ■ _ . ^.j.^ ,^fts ‘ ’*>» ' ' 


( m 


>1 

u 




%r''X ?:■>■ 1 

.i> 5 ' _ IJ. . ^.. 4 ^ ■-» 

A -7' 3 ^ • i ?' M 












iJ ## 

W-J 


jj' ' wHiim A— t <4>. )!••• 

|j| ^ Is HtD MUM lar.sMU R ts». UMcala^ ol ^ 

|g^ In ik® •owwJiiistio® of tSio oooo ftwctloo of tbo ooolloooo opocf** 

• «!•«•■• «M ft M talWty »M» • pMi M ooMeMl 

f As «•«•• •••oiMi t*. *• “^ •***^ 

Sspsisttaf SSI Ills «•► 

hstoMls( 70 ) IsMfetsi 


(74) 




a 


MissIsMSi H> U esIesIsM lsdi«ssstaslsss Vmnic si^O Mis. It Is sss? to 

IM totoiAMdMU*®"*^ hssiusssTO-TO ... ,., l_j 

Itiri* hSTtlWf -* wMUlfcs ssessd 

lllgll|Pll0 ^ginsss ■tsssic fusctioss of dllfsisst polity ( i 

). Us *ps*s irtsillioss fros ihe S-wsfo of ihs cosUasoss *^7 

*Um -MmT 4 . 1. Fs* th. isbl. in ss. Cto iS. Ml fcr dl 

/^jg )ghsitoSsltlaolspsilBr«sdtoioihspossdioislk>oaUts( 4* . 

/i,/ ) tbs tfsosiUoo iato tbo vibwUossotoiiossl slots is psssiMs too. 
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if twnfa tyf — Ic aoitnWi witii rtwttteal Backl 4 * 1 ; mtftmpA 

lot •Mfc MiiMvks it (dd)^ TIm praUbUitUa of laiiiat|«i •# 
**• !• TAIa 4. In tk« mm of mok aolociiloo witli BHeUi mt 


■olocnloo with diffoiMlf^ nncloi of 
of MMie nolocvlo fonootioo whon tho eollialoo 


Iff pMfW'iNlvt wkh ttfhlor nodooo occoro, lor oioaplo ^ 

i u An^iilpnnhMii ■oot pro hoh l o procoM /%». d-*«Q 


hno ibo Id 


Urn m lU (ll»cll«IM 4A; ,^0H 

‘W iiiiiiiliilil ffilw AimI oMo o owo o fo od iim W #0 winitoo loool of iho i 







yFX 


(70 





oM (t4) Mt iliMi hi dm 


H. '.w^ 

‘‘Vf • 

(/'\ i '•) (LC40) 


DX 






D.X 


II ^ opfcM Ji^ and Xtt MaoloMi 
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iMHHtlfllNi 2|p Itvaltof lle. 


J ^ (h^h) 






(LCA0)t 


J L S _ ± jr 

36 pZJjr 9 


ifmy’J 


in 


*^0 1) 3f» (t-T)^ 


(U. Ah 






ji,- (^tsUoJ^* i 


0.3 


0.4 


0.4* 


0.S 


0.5’ 


D.i 


0.6* 


te Fif. 3,3 am flma tU valuM K « mi 4 K n , ealcuUltd m6 
lHtotha«ppmdMliM (LCAO) ni (U . A) . For th* mlm 0(R) «c f»t: 


/4ade..(k:«. IILUL 

(I.14I9W 


■< 
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/vji *■ Mf of 




«* o<Keib«| 0 cicuUted in accordance with (LCAO) for R-.-0 coincide well with the 
iralues of Q, calculated in accordance with 

it) rit-M, 

~S0*S) i 

lies, in the all r^on ^ the approximation Q « OlcAO amy be taken 

qn — titiea l'*; and Kyg(R) in the approximation (LCAO) and (UA)nqnaleor 


tjfS 


<UA) 






anwtbnbnteniMrnftlMftnctiMror K^o. 

-or xLiSZ. . 
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cliarkff' 

T a '■ i '* X 

ext tuir.t;e i ross section 



-d. 'P 


d i 


2.1 

0,84 

0.0067 


3.42 . 10-*^ ^ 

1.19 . 

1.15. 10-^5^* 


1.98. l(r*^cm- 

1.51 . 10^^ cm^ 

2.41 . 10-15 cm3 


T a b 1 e H 

meaic atom elastic scattering cross section 




t 

iyd^iyd 

A 

2.03 

2.66* 

6.7 


3.39 . lO'^O cm- 

.5.81 . 10-20 c.m2»* 

36.9 . 10*20 cm2 


T a ti I f* HI 

mesic molecule levels ( ev ) (for mesic molecules with various nuclei the energy 
l^yslg gfc calculated from the level of heavier isotope ) 



L 

• 0 

L^O 

L -2 



n « 0 

n* 1 

n * 0 n - 1 

0 

n» 0 

<pp)^ 

252 

- 

109 

- 


(«>; 

330 

40 

227 7? 

88 

- 

(tti; 

367 

86 

28.3 H 

170 

50 


220 

- 

90 

- 


TTnj- 

213 

- 

93 



TdTiJ’ 

318 

32 

232 

102 


«> 

** Th«s« ' 


i«rlv*d for Khk ? * 

[ alrulRtlona with eorr««t vaIm* of 



v«lu» 10. »h«t to b* doubtful. 
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T a b I e IV 

pfoUbilitiet of mf*ir molerulf* formation in units 10^ set' l in liquid hydroi^en 


( pp )*■ 

— 

( dd >; 


( pd / 

t dt i; 

( pt 

• 

0.006 

0.i8 

0.7 

- 0.001 

0.25 


1 

i 


In the preaent paper iho probabilities of the metir rnole< ule formation schould be rontidved 
to be correct only in order of value, since the binding of hydrogen nuclei in molecules of II 2 has 
l)een neglected in our calculations what leads apparetly to the increase of W. 

In the case of the mesic, molecular ion (dd) and (dt) 0-0 transitions may contribute to 
the molecule foimation probability, due to the oscillation level close to eero (L«0). 

We have just reseived preprints by Cohen, Judd and Riddell. They calkulate the probability 
of the formation of meaic molecules with identical nuclei using the wave functions normalised to 
V« , but not to unity, what doubles the value of W. 

# 

We wish to thank Y.B. Zeldovich for initiating this investigation and for many useful 
discunaiona. 


I 




I 
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TAbllN f : 
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!^«i 2y^ 


■ft. 




? Ai' , 

I)"' 

Iw 


m' 


OtllO Id' 




Ot9l6 10 


■"?. 


0,>30 10 


,-l 


0,2»4 10 


-1 


0,424 10 


-1 


0,612 10 


,-J 


0,869 10 

0*»ltw 


.1.(10 

bC'd 

) 

a(H) 

6(R) 

8 


10-^ 

«,109 

10 

6-0,772 

10*^ 

>0,823 

10-^ 

0,3 

0,!>!)4 

lo""' 


Kr^ 

0,427 


0,420 

10*^ 

0,5 

0,141 


u,i n 

10’*^ 

0,122 

10*^ 

0,121 


0,7 

0,,>77 

to-' 

u,?73 


0,246 

10**^ 

0,260 

lO*"^ 

0,9 

0,46? 

10*^ 

0,46,’’ 


0,464 

10*"^ 

0,462 


1,1 

(),e>a7 


o,t>97 

3 0*^ 

0,718 


0,719 

10*“^ 

1,3 

0,936 

10"“^ 

0,9 >.4 

10-^ 

0,J00 


0,101 


1,9 


0 * m 


1.9 0,130 

2.1 0,191 

2.3 0,1M 

2.9 0,182 
2,? 0,191 
2,9 0*19? 

3.1 0,198 

3.3 0,196 




0,129 


0,131 



4,3: 0.132 
*4«9 9*140 
4, r 9,128 
^,9 0,116 
9.1 0,104 


9,3 0,939 10 

9.3 0,833 10' 

9,? 0,T30 10' 
9,9 0,690 10 
6,0 0,609 10' 
6,2 0,934 10' 

6.4 0,469 10 ' 
6,6 0,40310 


7,2* 0,299 lO 
7,4 0,216 10' 

7,6 0,101 10 

7.8 0,190 10 

8,0 0,12 

8.9 0,677 10 



0,160 


09165 


0,179 


0,179 


0,183 



0,181 


Otieo 


0,202 


0,196 


0,202 



0,198 


0,197 


o,?;! 


0,?07 


0,214 



0,211 


0, 206 


0,239 


0,213 


0,219 



0,181 


0,?10 


0,?49 


0,210 


0,219 



0,226 


0,210 


0,290 


0,203 


0,213 



0*228 


0^20^ 


0, 


0,193 


0,204 



0,H^ 


a,i9f4 


1 ,:-4'> 


0,179 


0,191 



0,221 


0,189 


0 ,. 43 


0,lo4 


0,176 



0,219 


0,177 


0,234 


0,148 


0,160 



0,206 


0,164 


0,?24 


0,131 


0,143 



0,196 


0,151 


o,.n? 


0,115 


0,127 



0,184 


0,137 


0,200 


0,100 


0,111 



0,173 


0,124 


0,187 


0,866 

10"' 

0,969 

10*^ 

— 1 


0,161 


0,111 


0,173 


0,741 

10-' 

0,836 

10 


0,149 


0,989 


o.n.l 


0,630 

10*' 

0,719 

10" 

lO*^ 

0,137 



ir^ 

0,148 


0,53? 

10“' 

0,614 

10" 

10-^ 
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0,770 

10 * 

.0,136 


0,44*^ lO""* 

0,521 

10* 

10**^ 

0,119 


0,0/3 

10"' 

0,ir'5 
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10--^ 

0,440 
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10'^ 
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n,U4 


0,310 

10"' 

0,371 

10 " 

10"^ 

0,100 



!(/' 

0.10'’ 
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10 "' 

0,340 

10" 

lO’l 

0,908 

]or^ 

1,4 71 

K-' 

1) , ‘30 1 

in-' 

0,?3^ 

10"' 

0,279 

10 " 

10*^ 

0,822 


0 ,401 

1(/' 

0,909 

10-' 
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10“' 

0,237 

10" 

IP*^ 

0,742 

10“^ 

0,3i : 

1 

(' , 3? 3 

10 “' 

0,153 

10-' 

0,197 


10”' 

0,669 

10*"^ 

0,290 

li)"' 

0,749 

1 o'* ^ 

0,l?9 

10"' 

0,164 

10 • 


0,601 


0,24. 


0, .81 

10“' 

0,106 

10"' 

0,135 

10" 

10*' 

0,939 

10“*^ 

0,108 

1,:-' 

0,; 18 

10*' 

, 0,865 

10"^ 

0,111 

10" 

10-' 

0,463 

10*^ 

0,158 

1*' " 

0,962 

irr’ 

0,701 

10"^ 

0,910 

10 " 

10*' 

0,43? 

10*^ 

0,1?? 

10 ' 

0,911 

10-' 

0,569 

10"" 

0,738 

10" 

10-' 

0,389 

10*^ 

0,8.'/ 


.:,4..1 

in“' 

0,451 

10"^ 

0,596 

10" 

10-' 

0,342 

10-^ 

0,507 


t,42? 

10 -' 

0,361 

10 "^ 

0,476 

XO" 

— '3 

XO ‘ 

0,293 

10-' 

0,136 

lu-'* 

C,3J3 

10 -' 

0,'*12 

10"^ 

0,253 

10" 


1,? 

2,1 


2.3 
2,9 

2.7 

2.9 
3,1 

3.3 

3.9 

3.7 
3,9 




4.3 
6,9 

6.9 
3,1 

9.3 
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9,7 

9.9 

6,0 


'•■'I 

'i 
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6,6 
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7,6 
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8.0 
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/ ( i: ot> • } fju t * ^ 

Wave fxmctldnn. scattc» ‘nr r>f v itn m itv 

it cnoTv 


* r 


»(») 

-0,469 10“' 
-0,131 K"^ 
-0,?86 10~^ 
•OfU'j’j 10“^ 

-0,90^ 10“^ 
-0,1?9 
-0,159 
-0,183 
-0,?01 
- 0,210 
-0,.'>10 
- 0 , 20 ? 
-0,166 
-0,163 
-0,137 
-0,107 
-0,754 10*^ 
-0,440 10"^ 
-0,136 10"^ 
♦0,146 10“^ 


b(:0 

-o,;?4 i,”-' 
-0,173 1 
- 0 , )e:> 10 “^ 
-o,.-5? lo"-* 
-0,374 10“* 
-0,131 
-0,lt3 
-0,190 
- 0,210 
-0,?2l 
- 0 ,??;' 
-0,?13 
-0,195 
-0,166 
-0,135 
-0,948 10’^ 
-0,508 10“^ 
-0,376 10“^ 
♦0,491 10”^ 
0,946 10"^ 


15 M“' 

■-fM5o :o"' 
-o.l- ) ■ 
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- 0,319 
-u,407 
-0,470 
-0,513 
-0,53? 
- 0 , 5?6 
-0,496 
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-0,310 
-0,??9 
-0,145 • 

-Q,631 10“^ 
♦0,!142 10“^ 
0,849 10“^ 
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-',1. 3 lu"-^ 
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•*0 f <^40 
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0,656 10“' 
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0,561 
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0,632 10"' 
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0,245 
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